Abstract This study is aimed at verifying runoff pollutant loadings from urban areas. Urban runoff has been considered an important source of diffuse pollution especially during storm events. This paper describes the pollutant runoff during storm events, mainly in terms of effects of watershed characteristics. Data collected from Lake Biwa tributaries, Japan, have shown fundamental information to control pollutant runoff into receiving water. Also, data from the Brunette River watershed, Canada, which is a highly urbanized watershed in the Vancouver region, have been used for a comparative analysis. In the results, available information for the environmental management of urban storm water runoff was obtained by comparing the data on pollutant runoff in both watersheds.
Introduction
In an urban area, diffuse pollutants, originated in compliance with human activities, are discharged into receiving water by being flushed by storm water and have a great influence on the water quality of the receiving water. Also, there are complex relationships between runoff process and watershed characteristics during dry/wet weather periods. It is then important to identify the relationships between such runoff pollutants and watershed characteristics. For the remedy or preservation of water quality in receiving water, it is necessary to estimate pollutant loadings from its watershed and to examine the influence of rainfalls and watershed characteristics on the pollutant runoff. The objectives of this study are to estimate pollutant loadings in Lake Biwa tributaries, Japan, and the Brunette River Watershed, Canada, and to examine the differences of pollutant loadings and runoff characteristics between both watersheds.
The location of the Lake Biwa tributaries (Lake Biwa system) and the Brunette River watershed (the Brunette system) are shown in Figure 1 and Figure 2 , respectively. Lake Biwa is the largest lake in Japan and it provides drinking water resources for 14 million people in the Kinki area of the western part of Japan. It has a huge catchment basin (313,200 ha) , and there are more than 100 rivers flowing into the lake. The Lake Biwa tributaries selected here as study areas are all in the southeastern part of the Lake Biwa watershed. On the other hand, the Brunette River watershed is a small urban watershed located in the Vancouver region and its creeks and streams flow into the Fraser River at New Westminster running through Deer Lake, Burnaby Lake, and the Brunette River. Data for this study were obtained by continuous water sampling mainly during storm events in these creeks and streams. The data in the Lake Biwa system were collected in three selected watersheds, namely the Isasa River, the Juzenji River and the Horyu River.
Both the Isasa River and the Juzenji River basins have been rapidly urbanizing in recent years. The Horyu River basin has more agricultural area, which can be considered as rural area. On the other hand, the data in the Brunette system were collected in Still creek and Eagle creek, both of which were running through highly urbanized areas. The water sampling were done at two stations (Renfrew, Gilmore) in Still creek and one station in Eagle creek. The measured constituents were suspended solids (SS), nitrogen, and phosphorus and trace metals. A summary of the study areas and collected data is shown in Table 1 . 
Methodology
In order to evaluate pollutant loadings in urban runoff storm water, the mean concentration of each constituent was determined as an event mean concentration (EMC) using the data obtained by water samplings. Annual runoff pollutant loadings were evaluated using annual runoff storm water volumes and EMC (Marsalek, 1990 (Marsalek, ,1991 for the following discussions. Annual precipitation in both the Lake Biwa system and the Brunette system is of similar magnitude. However, the distribution of rainfall throughout a year is quite different. Mean annual precipitation around the Lake Biwa system is considered to be 1492 mm/yr based on meteorological data from 1977 to 1996. There are normally constant rainfalls throughout a year, however, approximately 60% of annual precipitation falls from June to October. They are dominated by heavy rainfalls in June/July and September/October, some of which are quite intensive and cyclonic, i.e. typhoon. On the other hand, mean annual precipitation around the Brunette system is reported as 1761 mm/yr (Stanley and Associates, 1992) . The Brunette system has a dry/wet season clearly in a year, which means a long dry period in summer with few rainfalls and a wet period from November to April with heavy rainfalls, which accounts for 75% of annual precipitation. The runoff storm water volumes during wet weather periods are estimated using runoff coefficient for each site. These coefficients are described as fractions of incident precipitation. Table 2 shows the runoff coefficients for each site. Here, segregation of summer and winter for the runoff coefficients in the Brunette system was done based on the distribution of rainfall in a year. Table 3 shows runoff volumes for both baseflow runoff and storm water runoff in each site. Because of irrigation water from Lake Biwa and the upper river region, the baseflow runoff in the Lake Biwa system is quite high. Mean concentrations of SS, nutrients, and trace metals during dry and wet weather periods are shown in Figure 3 . In this figure, the columns represent the mean value based on the assumption of log-normal distributed concentrations (Gilbert, 1987; El-Shaarawi, 1989) and the vertical bars represent ±90% confidence interval (CI) of the mean value. Mean SS are higher in wet periods than in dry periods, which means that those sediments in the basins can readily move in response to streamflow runoff that are more energetic by means of storm water. T-N concentrations are of similar magnitude for both dry periods and wet periods. This is due to the soluble nature of T-N. The soluble nitrogen is a large component of T-N for both dry and wet periods, in which NO 3 Ð N is the largest component in particular.
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In fact, NO 3 Ð N concentrations are lower in wet periods than in dry periods at the Isasa River and the Juzenji River due to the dilution during storm events. NH 4 Ð N concentrations are greater in wet periods than in dry periods. This may be the result of the wash-off effect that storms have on the watersheds. T-P concentrations are higher in wet periods than in dry periods, and the tendency in T-P is quite similar in SS. So, it is inferred that a large component of T-P is associated with particulate matter. The mean concentrations of trace metals are higher in wet periods than in dry periods for both the Isasa River and the Juzenji River. On the contrary, for the Horyu River, the mean values are relatively small and there is little difference in the values between dry and wet periods, because of the substantially small percentage of urban areas in the basin. Some trace metals are associated with SS as well as T-P, particularly manganese (Mn) and iron (Fe).
The Brunette River watershed
The mean concentrations of SS, nutrients and trace metals are shown in Figure 4 . SS concentrations in the Brunette system are higher in wet periods than in dry periods as in the Lake Biwa system. Comparing the stations in the Brunette system, the Still creek (Renfrew and Gilmore) is more sensitive in compliance with storm water than Eagle creek, whose basin has relatively larger green space. Therefore, it is inferred to be due to the difference of land use types between each station. NO 3 Ð N concentrations in both dry and wet periods are of similar magnitude because NO 3 Ð N here is in soluble form. At Renfrew and Gilmore, NO 3 Ð N in dry periods is a little higher than in wet periods becaus e of dilution by storm water. NH 4 Ð N concentrations are higher in wet periods than in dry periods , which is the same as in the Lake Biwa system because of the wash-off effect by storm water. T-P concentrations are higher in wet periods than in dry periods, because a large component of T-P is associated with particulate matter and suspended sediments which are accumulated in the basin during dry weather periods and flushed into receiving water by storm water.
Comparing the trace metal concentrations between dry and wet periods, the values are higher in wet periods than in dry periods. Many trace metal contaminants are related to particulate matter that is the major constituent in runoff storm water. This is reasonable and attributable to the transportation of mobile contaminants mainly from streets by overland ß ow.
Seasonal variations of sampled stormwater concentration
Figures 5 and 6 show a seasonal variation of sampled concentration which is segregated into four seasons, i.e. spring (from March to June), summer (from July to August), fall (from September to October) and winter (from November to February). In these Þ gures, the concentrations are typically lower in the rainy season, which is generally summer and fall around the Lake Biwa system, and normally winter in the Brunette system. This means that concentrations during other seasons could be more variable and liable to be greater concentration because of longer antecedent dry periods that can readily accumulate pollutants in the basin. However, the tendency during the rainy season in the Lake Biwa system is for the concentrations to be more variable than in the Brunette system. The summer concentrations are as great as the winter concentrations in the Lake Biwa system. This is attributable to the meteorological difference between the two watersheds. The storm intensity (mm/hr) in the Lake Biwa system is more variable in rainy season, which is in compliance with stronger storms, i.e. typhoons, while the Brunette system has constant storms during the rainy season.
Annual pollutant loadings in Lake Biwa tributaries and the Brunette River watershed
Urban storm water loadings of runoff pollutants have a large part of total annual loadings. Therefore, it is important to estimate pollutant loadings during storm events. The annual pollutant loadings in the Lake Biwa system and the Brunette system are shown in Figure 7 . Here, annual loadings are represented as specific loadings (kg/ha/year), that is, the annual loadings in each station divided by each drainage area. This figure shows baseflow (D), storm water (W) and the sum of the baseflow and the storm water as total loadings (T). SS loadings are basically higher in wet periods than in dry periods. When ranking the stations in order of the storm water loadings, they are: Gilmore > Renfrew > Isasa River > Juzenji River > Eagle > Horyu River. This is because of the degree of urbanization, which is considered to make potential pollutants in urban storm water increase in response to the development in the drainage basin such as increase of impervious surface area and construction of storm water drainage system. Thus SS can be transported through impervious surfaces such as paved roads by wind, rainfall and traffic in the drainage basin. Then the Isasa River, the Juzenji River, Renfrew and Gilmore are more developed and have higher SS than the Horyu River and Eagle. NO 3 Ð N loadings in baseflow are greater than the loadings in storm water for the Lake Biwa system, while they are about two-thirds as great as the loadings in storm water for the 
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Error bar Brunette system. This is attributable to storm water concentration that is basically lower than the baseflow in the Brunette system. NH 4 Ð N in the Juzenji River is quite high because of the small percentage of sewerage for population base in the basin. The difference of T-P loadings between each station would be due to the degree of urbanization in each drainage basin. As a result, annual loadings are higher for the Lake Biwa system than for the Brunette system, particularly in baseflow loadings.
Seasonal variation of nutrient loadings during storm events in Lake Biwa tributaries Figure 8 shows a seasonal variation of both T-N and T-P as ratios in annual loadings, and Figure 9 shows ratios of each component including both particulate matter (P) and soluble matter (S) in both T-N and T-P. Here, the data are segregated into four periods: MarchÐ May, JuneÐ August, SeptemberÐ November and DecemberÐ Februar y, taking consideration of meteorological conditions. The ratio of each period in T-N is basically stable throughout a year. In MarchÐ May, however, T-N loadings are the largest and the ratio of Org-N is higher than in any other periods. This is attributable to rice planting for paddy fields around the Lake Biwa system. On the other hand, T-P is higher in both periods of JuneÐ August and SeptemberÐ November than in the other periods. M ost of T-P is in particulate form which accounts for 49% to 87% throughout a year. This means that many T-P loadings runoff during these rainy seasons because there are many rainfalls around June/July and September/October around the Lake Biwa system. In addition, the storm intensity from June to November ranges from 0.1 to 42.3 mm/hr, whereas the intensity from December to May ranges from 0.3 to 31.0 mm/hr. Thus the more intensive storms in rainy seasons can flush more particulate matter which is accumulated in the basins during antecedent dry periods.
From these results and an additional examination using numerical filter (Ichiki and Yamada, 1999) , most of nutrients especially in particulate form runoff as surface/subsurface flow in compliance with characteristics of rainfall, while nutrients in soluble form run off as groundwater flow stably throughout a year in spite of the variation of rainfall. 
